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REDUCING HAZARDS IN UNDERGROUND COAL MINES THROUGH THE RECOGNITION 
AND DELINEATION OF COALBED DISCONTINUITIES 
CAUSED BY ANCIENT CHANNEL PROCESSES 
By Car la A. Ker t i s  ' 
ABSTRACT 
Because coa lbed  d i s c o n t i n u i t i e s  o f t e n  pose  s e r i o u s  economic and s a f e t y  
problems i n  underground c o a l  mines ,  c r i t e r i a  were documented f o r  t h e  
r e c o g n i t i o n  and p r e d i c t i o n  of d i s c o n t i n u i t i e s  i n  advance of mining. 
Pennsy lvan ian  s t ra ta  i n  I n d i a n a  and Armstrong C o u n t i e s ,  PA, were depos- 
i t e d  a s  p a r t  of f l u v i o - d e l t a i c  complexes w i t h  channel-phase s a n d s t o n e s  
as t h e  predominant t y p e  of coa lbed  d i s c o n t i n u i t y .  Coalbed i s o p a c h  maps 
c o n s t r u c t e d  f o r  t h i s  s t u d y  d e l i n e a t e d  numerous want areas ( a r e a s  of no 
c o a l )  w i t h  e l o n g a t e  t o  l i n e a r  geomet r ies .  A comparison of coa lbed  i s o -  
pach and cor responding  s a n d s t o n e  i s o l i t h  maps of t h e  s t u d y  area r e v e a l e d  
many examples of a th ick-sands tone ,  th in - sub jacen t -coa lbed  r e l a t i o n s h i p .  
Near ly  60 p c t  of t h e  want areas i n  t h e  s t u d y  area were found t o  l i e  sub- 
j a c e n t  t o  t h i c k  ( >  20 f t  [ 6  m]) s a n d s t o n e  accumulat ions .  I n  a d d i t i o n  t o  
e r o s i o n  of t h e  coalbed,  channe l s  may c o n t r i b u t e  t o  coa lbed  s p l i t t i n g ,  
coa lbed  t h i n n i n g  o v e r  pa leo topograph ic  h i g h s ,  abnormal coa lbed  t h i c k -  
n e s s e s ,  and d e t e r i o r a t i o n  of c o a l  q u a l i t y .  I f  t h e s e  f e a t u r e s  are con- 
s i d e r e d ,  t h e n  approx imate ly  80 p c t  of a l l  i n t e r r u p t i o n s  i n  t h e  economic 
c o a l b e d s  i n  t h i s  a r e a  r e s u l t  from c h a n n e l  a c t i v i t y .  By u s i n g  t h e  c r i t e -  
r i a  developed i n  t h i s  s t u d y  and d e s c r i b e d  i n  t h i s  Bureau of Mines re- 
p o r t ,  t h e  o c c u r r e n c e  of coa lbed  d i s c o n t i n u i t i e s  may be p r e d i c t e d  and an- 
t i c i p a t e d  i n  advance of mining. 
~ e o l o ~ i s t ,  P i t t s b u r g h  Research Cente r ,  Bureau of Mines, P i t t s b u r g h ,  PA. 
INTRODUCTION 
Explora to ry  d r i l l i n g ,  mine development,  
and methane d r a i n a g e  a r e  s e v e r e l y  ham- 
pered  by coalbed d i s c o n t i n u i t i e s .  S i n c e  
d i s c o n t i n u i t i e s  r e s u l t  i n  absence o r  
t h i n n i n g  of t h e  coa lbed ,  t h e  c o a l  re- 
s e r v e s  and p r o d u c t i o n  p o t e n t i a l  of a mine 
p r o p e r t y  may be o v e r e s t i m a t e d  i f  a n  unde- 
t e c t e d  d i s c o n t i n u i t y  l i e s  w i t h i n  i t s  
boundar ies .  D i s c o n t i n u i t i e s  encounte red  
d u r i n g  mine development i n h i b i t  t h e  ex- 
t e n s i o n  of mine e n t r i e s  and may c a u s e  t h e  
abandonment of some s e c t i o n s  (11).2 A 
c o a l b e d  g a s  r e s e r v o i r  may be c o e a r t m e n -  
t a l i z e d  by d i s c o n t i n u i t i e s ,  the reby  pre- 
c lud ing  effective methane drainage (15, -
26) .  I n  c e r t a i n  g e o l o g i c  s e t t i n g s ,  a - 
coa lbed  d i s c o n t i n u i t y  may behave as a g a s  
r e s e r v o i r  and emit  methane i n t o  mine 
workings t h a t  i n t e r c e p t  i t  (31) .  Water, 
o r  w a t e r  and g a s ,  may a c c u m u ~ t e  i n  mine 
e n t r i e s  i n  t h e  p r o x i m i t y  of d i s c o n t i n u i -  
t ies. I n  a d d i t i o n ,  roof s t a b i l i t y  and 
c o a l  q u a l i t y  commonly d e t e r i o r a t e  i n  t h e  
p rox imi ty  of a coa lbed  d i s c o n t i n u i t y  
(16) 
Coalbed d i s c o n t i n u i t i e s  a r e  v a r i e d  i n  
geometry and g e n e s i s .  The term "coalbed 
i n h i b i t e d  (11). Channel-bank slumping, 
a l though  g e n e t i c a l l y  d i f f e r e n t  from 
f a u l t i n g ,  produces similar o f f s e t s  i n  t h e  
coalbed (35) .  Both f a u l t i n g  and s lumping 
d i s c o n t i n x t i e s  a r e  v a r i a b l e  i n  t h e  
amount of v e r t i c a l  d i sp lacement  they 
cause  and l a t e r a l  e x t e n t  ( 5 ) .  
C l a s t i c  d i k e s  a r e  irregularly shaped 
bod ies  t h a t  c u t  a c r o s s  coa lbeds .  These 
s t r u c t u r e s  a r e  f i l l e d  w i t h  b r e c c i a t e d  
c l a s t i c  m a t e r i a l  and a r e  b e l i e v e d  t o  re-  
s u l t  from d i f f e r e n t i a l  compaction ( 5 ,  32) 
o r  c o l l a p s e  i n t o  t e n s i o n a l  c r a c k s  (n. 
Clas t i c  d i k e  d i s c o n t i n u i t i e s  are g e n e r a l -  
l y  less t h a n  5 ft (1,5 m) wide and e x t e n d  
up t o  s e v e r a l  thousand f e e t  l a t e r a l l y .  
Because c l a s t i c  d i k e s  s e r v e  a s  b a r r i e r s  
t o  m i g r a t i o n  of methane g a s ,  l a r g e  unex- 
pec ted  g a s  e m i s s i o n s  may be e x p e r i e n c e d  
as a mining machine c u t s  through t h e  d i k e  
and e n c o u n t e r s  v i r g i n  c o a l  on t h e  o t h e r  
s i d e .  A d d i t i o n a l l y ,  c l a s t i c  d i k e s  o f t e n  
g i v e  r i s e  t o  s e r i o u s  roof  c o n t r o l  prob- 
lems ( 7 ) .  
L O C ~ ~  t o p o g r a p h i c  v a r i a t i o n s  i n  t h e  
p e a t  swamp may r e s u l t  i n  t h i n n i n g  o r  ab- 
s e n c e  of t h e  coa lbed  o v e r  h i g h  a r e a s .  
d i s c o n t i n u i t y "  r e f e r s  t o  any p h y s i c a l  S t r u c t u r a l  h i g h s  t h a t  developed contem- 
f e a t u r e  o r  p r o c e s s  t h a t  r e s u l t s  i n  poraneously  w i t h  p e a t  d e p o s i t i o n  may a l s o  
t h e  i n t e r r u p t i o n  of coa lbed  c o n t i n u i t y .  produce d i s c o n t i n u o u s  coa lbeds  (12) .  
T h e r e f o r e ,  coalbed d i s c o n t i n u i t i e s  may However, i n  comparison t o  t h e  K s c o n t i -  
r e s u l t  from nondepos i t ion  o r  e r o s i o n a l  n u i t i e s  mentioned above,  t h e  most d e l e t e -  
p r o c e s s e s ,  from s e d i m e n t a t i o n  p r o c e s s e s ,  r i o u s  coa lbed  d i s c o n t i n u i t i e s  a r e  more 
o r  from s t r u c t u r a l  a c t i v i t y .  Some fea -  commonly t h e  r e s u l t  of s c o u r i n g  by an- 
t u r e s  t h a t  l i e  p a r a l l e l  t o  bedding p l a n e s  c i e n t  f l u v i o - d e l t a i c  channe l s .  The c o a l -  
w i t h i n  t h e  coa lbed  may be c o n s i d e r e d  d i s -  b e a r i n g  s t r a t a  i n  I n d i a n a  and Armstrong 
c o n t i n u i t i e s .  P a r t i n g s ,  o r  b i n d e r s ,  i n  
coa lbeds  c o n s i s t  mainly  of m i n e r a l s  and 
must be s e p a r a t e d  d u r i n g  p r e p a r a t i o n  of 
t h e  mined c o a l  t o  p r e s e r v e  h igh  c o a l  
q u a l i t y  and a r e  t h e r e f o r e  one t y p e  of 
d i s c o n t i n u i t y .  
Var ious  f e a t u r e s  t h a t  c u t  a c r o s s  bed- 
d i n g  p l a n e s ,  such  as f a u l t s ,  s lumps,  and 
c l a s t i c  d i k e s ,  a r e  more commonly recog- 
n i z e d  as coa lbed  d i s c o n t i n u t i e s .  F a u l t -  
i n g  may o f f s e t  t h e  coa lbed  t o  s u c h  a de- 
g r e e  t h a t  s u c c e s s f u l  mine development i s  
2 ~ n d e r l i n e d  numbers i n  p a r e n t h e s e s  r e -  
f e r  t o  i t ems  i n  t h e  l i s t  of r e f e r e n c e s  a t  
t h e  end of t h i s  r e p o r t .  
Count ies ,  PA, were d e p o s i t e d  as p a r t  of 
f l u v i o - d e l t a i c  complexes t h a t  prograded 
a c r o s s  t h e  s t u d y  a r e a  t o  t h e  nor thwes t  
and s o u t h  (2-4, 6 ,  8-10). Channels c u t  -- - -- 
e r r a t i c  c o u r s e s  o v e r  t h e  a l l u v i a l  and 
d e l t a  p l a i n  and commonly scoured  o u t  p e a t  
accumulat ions  and u n d e r l y i n g  d e p o s i t s  as 
wel l .  The f l u v i o - d e l t a i c  c h a n n e l s ,  which 
subsequen t ly  f i l l e d  w i t h  s a n d  and, l o c a l -  
l y ,  f i n e r  g r a i n e d  s e d i m e n t s ,  a r e  t h e  p re -  
dominant t y p e  of coalbed d i s c o n t i n u i t y  
found i n  t h e  s t u d y  area. 
The s t u d y  a r e a ,  l o c a t e d  i n  w e s t e r n  
Pennsylvania ,  h a s  a l o n g  h i s t o r y  of com- 
m e r c i a l  c o a l  p r o d u c t i o n  and remains ac-  
t i v e  w i t h  b o t h  s u r f a c e  and underground 
mine development (27). The r e c o v e r a b l e  
c o a l  r e s o u r c e s  i n  I n d i a n a  and Armstrong 
C o u n t i e s  a r e  e s t i m a t e d  t o  be over  3.3 
b i l l i o n  s h o r t  t o n s  ( 3  b i l l i o n  m e t r i c  
t o n s )  (22) .  - Mining i s  expec ted  t o  con- 
t i n u e  t o  be a  l e a d i n g  i n d u s t r y  i n  t h i s  
a r e a  and may i n t e n s i f y  i n  t h e  f u t u r e  t o  
e x p l o i t  t h e  abundant c o a l  r e s e r v e s .  
T h e r e f o r e ,  t h e  a b i l i t y  t o  r e c o g n i z e  coal-  
bed d i s c o n t i n u i t i e s  and p r e d i c t  t h e i r  oc- 
c u r r e n c e  would be e s p e c i a l l y  b e n e f i c i a l  
t o  t h e  mining i n d u s t r y  i n  t h i s  a r e a .  
The p r o j e c t  d e s c r i b e d  i n  t h i s  r e p o r t  
was under taken  t o  d e l i n e a t e  coalbed d i s -  
c o n t i n u i t i e s  a s s o c i a t e d  w i t h  channel  de- 
p o s i t s  and t o  document c r i t e r i a  f o r  t h e i r  
recognition and r e d i c t i o n .  "- l U  a c c o n i  
p l i s h  t h i s ,  i sopach  maps of s e v e r a l  of 
t h e  economic coa lbeds  i n  t h e  area-- the  
Upper F r e e p o r t ,  t h e  Lower F r e e p o r t ,  and 
t h e  Lower JCi t tanning--were c o n s t r u c t e d ,  
and want a r e a s  were d e l i n e a t e d .  Compari- 
son  of t h e s e  maps w i t h  sands tone  i s o l i t h  
maps of t h e  a r e a  showed a  r e l a t i o n s h i p  
between t h i c k  sands tone  and t h i n  o r  no 
s u b j a c e n t  c o a l  i n  many c a s e s .  I n  l i g h t  
of t h i s  r e l a t i o n s h i p ,  i f  t h e  major 
channel-phase sands tones  of a n  a r e a  c a n  
be d e l i n e a t e d ,  t h e n  a r e a s  l i k e l y  t o  be 
plagued by channe l  d i s c o n t i n u i t i e s  can  
a l s o  be d i s c e r n e d  and p r e d i c t e d .  Once 
t h e s e  d i s c o n t i n u i t i e s  have been l o c a t e d ,  
main e n t r y  sys tems,  longwal l  p a n e l s ,  
s h a f t s ,  and s l o p e s  can  be p o s i t i o n e d  t o  
a v o i d  t h e  hazards a s s o c i a t e d  w i t h  coa lbed  
d i s c o n t i n u i t i e s .  
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STUDY AREA AND DATA BASE 
The a r e a  chosen f o r  t h i s  p r o j e c t  l i e s  
i n  t h e  Appalachian P l a t e a u  p h y s i o g r a p h i c  
p r o v i n c e  of wes te rn  Pennsy lvan ia  and 
s t r a d d l e s  t h e  Allegheny Mountain and 
P i t t s b u r g h  P l a t e a u  s e c t i o n s  ( f i g .  1 ) .  
E i g h t  7-112' quadrang les  from I n d i a n a  and 
Armstrong Count ies  and a  s m a l l  p a r t  of 
Westmoreland County c o n s t i t u t e d  t h e  s t u d y  
a r e a ,  which encompassed approximately  450 
m i 2  (1 ,170  km2). The quadrang les  s t u d i e d  
were Whitesburg,  Avonmore, E l d e r t o n ,  Mc- 
I n t y r e ,  E r n e s t ,  I n d i a n a ,  Clymer, and 
Brush Val ley  ( f i g .  2).  
Data  from c o a l - e x p l o r a t i o n  d r i l l  h o l e s  
and w i r e l i n e  l o g  d a t a  from g a s  w e l l s  were 
used  i n  t h i s  s tudy .  A t o t a l  of 636 d a t a  
p o i n t s ,  i n c l u d i n g  403 c o r e  d e s c r i p t i o n s  
and 233 e l e c t r i c  l o g s  ( f i g .  3 ) ,  was co l -  
l e c t e d  from c o a l  companies,  t h e  Penn- 
s y l v a n i a  Geolog ica l  Survey,  and t h e  Pe- 
t ro leum I n f o r m a t i o n  Corp. Midland, TX. 
A l l  of t h e  geophys ica l - log  ( g a s  w e l l )  
d a t a  p o i n t s  r e p r e s e n t  gamma-ray l o g s .  I n  
a d d i t i o n  t o  t h e  gamma-ray l o g s ,  bulk- 
d e n s i t y  l o g s  were run  i n  20 of t h e  
h o l e s .  
Coa l s ,  s a n d s t o n e s ,  and l i m e s t o n e s  a r e  
d e f i n e d  by s h a r p  d e f l e c t i o n s  t o  t h e  l e f t  
on gamma-ray l o g s  ( f i g .  4).  Unfor tunate-  
l y ,  t h i s  s i m i l a r i t y  i n  l o g  response  makes 
coa lbeds  v i r t u a l l y  i n d i s t i n g u i s h a b l e  f rom 
t h i n  s a n d s t o n e  o r  l i m e s t o n e  beds on 
gamma-ray l o g s .  Bulk-density l o g s ,  when 
a v a i l a b l e ,  conf i rm t h e  p resence  of c o a l s .  
/" Gg?Led Alleehenv Hieh ,. 
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FIGURE 2. - Seven-and-one-half-minute quad- 
rangles comprising s t u d y  area. 
A bulk dens i ty  of less than 2.0 g/cm3 
(124 l b / f t 3 )  was i n t e r p r e t e d  a s  coal .  I n  
t h i s  s tudy ,  t h e  geophysical  logs  were 
used t o  determine t h e  presence o r  absence 
of c o a l ,  not  t o  e s t ima te  coa l  th ickness .  
However, sandstone th i cknes se s  were e s t i -  
mated from t h e  geophysical  logs.  
STRAT I GRAPHY 
The geologic  i n t e r v a l  examined i n  t h i s  
s tudy  was r e s t r i c t e d  t o  t h e  coal-bear ing 
s t r a t a  of t h e  Pennsylvanian System ( f i g .  
5) .  I n  Ind iana  and Armstrong Counties ,  
t h e  Pennsylvanian rocks a r e  predominantly 
d e t r i t a l ,  wi th  s h a l e  and sandstone t h e  
most common l i t h o l o g i e s  (28) .  
The P o t t s v i l l e  Group comprises t h e  ba- 
s a l  Pennsylvanian s t r a t a  i n  t h e  s tudy 
a r e a  and c o n s i s t s  of thick-bedded sand- 
s tones  and a v a r i a b l e  sequence of c l a y s ,  
c o a l s ,  and s h a l e s  (33). These t h i c k  
sandstones g ive  a c h a r a c t e r i s t i c  response 
on gamma-ray logs  and provide a marker 
bed f o r  approximating t h e  base of t h e  
c o a l  measures of t h e  Allegheny Group. 
The major emphasis of t h i s  study was 
placed on coalbeds of t h e  Allegheny 
Group, which conformably o v e r l i e s  t h e  
P o t t s v i l l e  Group and ranges from 250 t o  
350 f t  (75 t o  110 m) i n  th ickness .  S i l t -  
s t o n e s  and s h a l e s ,  t h e  most common l i t h -  
o l o g i e s ,  a r e  interbedded wi th  coalbeds,  
l imes tones ,  and l e n t i c u l a r  sandstones.  
Seven coalbeds and/or groups of coalbeds 
occur i n  t h e  Allegheny Group: t h e  Brook- 
v i l l e  Coalbed, a t  t h e  base;  t h e  C la r ion  
Coalbed; t h e  Lower, Middle, and Upper 
Ki t tanning  Coalbeds; and t h e  Lower and 
Upper Freepor t  Coalbeds, a t  t h e  top  (28,  
30). Of t he se ,  only t h e  Upper ~ r e e ~ o x ,  - 
t h e  Lower Freepor t ,  and t h e  Lower K i t t an -  
n ing  Coalbeds a r e  mined on a l a r g e  s c a l e  
i n  Indiana and Armstrong Counties. The 
Upper Ki t tanning  Coalbed occurs  i n  min- 
a b l e  th icknesses  a t  some l o c a t i o n s ,  but 
product ion from t h e s e  a r e a s  i s  l i m i t e d  
(1). Because of t h e i r  r e g i o n a l  e x t e n t  
and economic v i a b i l i t y ,  t h e  Upper and 
Lower Freepor t  and t h e  Lower Ki t tanning  
Coalbeds were t h e  f o c a l  po in t  of t h i s  
s tudy . 
The Conemaugh Group immediately over- 
l ies  t h e  Allegheny Group and c o n s i s t s  of 
a s e r i e s  of sandstones and s h a l e s  punctu- 
a t e d  by s e v e r a l  ca lcareous  marine h o r i -  
zons (28,  30). Because coalbeds i n  t h e  - - 
Conemaugh Group a r e  t h i n  and l a t e r a l l y  
d i scont inuous ,  they have not  been in t en -  
s i v e l y  worked i n  t h e  s tudy a r e a  and were 
not  included i n  t h i s  s tudy.  
The uppermost Pennsylvanian s t r a t a  ex- 
posed i n  t h e  s tudy a r e a  belong t o  t h e  
Monongahela Group, a sequence of s h a l e ,  
sandstone,  l imestone,  and c o a l  (30).  The 
Monongahela i s  r e s t r i c t e d  t o  14-mi2 (35 
km2) of exposure i n  t h e  southwestern por- 
t i o n  of t h e  s tudy a r e a  along t h e  a x i s  of 


















































































































































Gamma-ray Corehole Corresponding 
log response description facies 
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interdistributary bay 
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FIGURE 4. - Typical gamma-ray log response 




























of t h e  Monongahela i s  marked by t h e  O Sandstone E3 Limestone 
P i t t s b u r g h  Coalbed, which was economical- = Shale = Coal 
l y  important  i n  t h i s  a r e a  i n  t h e  p a s t  
EZZl Red shale 
(30 ) .  but now i s  e s s e n t i a l l v  mined ou t  FIGURE 5. - Generalized stratigraphic column 
(v): For t h e s e  reasons ,  the P i t t sbu rgh  of u n i t s  i n  study area. 
~ G l b e d  i s  not  included i n  t h i s  s tudy.  
STRUCTUKAL SETTING 
Deformation of t h e  s t r a t a  i n  Indiana 
and Armstrong Counties occurred dur ing  
t h e  l a t e  Paleozoic  Allegheny orogeny. 
Compressional f o r c e s  from t h e  s o u t h e a s t  
produced r e l a t i v e l y  t i g h t  f o l d s  e a s t  of 
t h e  Allegheny ~ r o n t  a n d ~ s u c c e s s i v e l y  more 
g e n t l e  f o l d s  ac ros s  t h e  Appalachian Pla- 
t e a u  physiographic province t o  t h e  w e s t  
(24,  30 ) .  I n  most of t h e  fo lded  P l a t eau  - - 
r eg ion ,  limbs of major a n t i c l i n e s  a r e  
broken by east-dipping t h r u s t  f a u l t s  i n  
Lower Devonian s t r a t a  (13) .  The s t r u c -  . . 
t u r e  of Pennsylvanian r o x s  i n  t h e  s tudy 
a r e a  i s  cha rac t e r i zed  by gen t ly  fo lded  
s t r a t a  t h a t  form r e l a t i v e l y  open, subpar- 
a l l e l  a n t i c l i n e s  and sync l ines .  The f o l d  
axes gene ra l l y  t r end  northeast-southwest  
and a r e  about 2 t o  5 m i  ( 3  t o  8 k m )  a p a r t  
(27). A s t r u c t u r a l  contour map of t h e  
a r e a ,  drawn on t h e  t op  of t h e  Upper Free- 
p o r t  Coalbed, is  shown i n  f i g u r e  6 .  
LEGEND ----- A X I S  of major fold 
-600- Structural contour line 
(Contour interval = I00 f t )  
0 4 8 -
Scale, mi 
FIGURE 6. - Structural contour map of study 
area drawn on top of Upper Freeport Coalbed. 
Major f a u l t s  a r e  ab sen t  w i t h i n  t h e  These f a u l t s  a r e  l a r g e l y  i n t r a f o r m a t i o n a l  
s t u d y  a rea .  However, minor f a u l t s  ( w i t h  and ex tend  from t h e  roof through t h e  
d i sp lacement  l e s s  t h a n  10 f t  13 m]) a r e  coalbed and t h e  f l o o r .  S t r i k i n g  p a r a l l e l  
r e l a t i v e l y  common. Thrus t  f a u l t s  have t o  t h e  t r e n d  of l o c a l  s t r u c t u r e s ,  t h e s e  
been observed i n  t h e  Lucerne No. 6 Mine f a u l t s  a r e  a consequence of l o c a l  s t r u c -  
i n  t h e  Ind i ana  quadrangle  (21)  and i n  t h e  t u r a l  ad jus tment  t o  t h e  t e c t o n i c  f o r c e s  
Lucerne No. 8 and Jane ~ i n z  i n  t h e  Mc- of t h e  Allegheny orogeny o r  r e s u l t  from 
I n t y r e  and E lde r t on  quadrangles  (27). d i f f e r e n t i a l  compaction o r  slumping (27) .  - 
PROBLEMS ASSOCIATED WITH FLUVIO-DELTAIC CHANNEL DISCONTINUITIES 
Channel sands tones  pose  a h o s t  of prob- 
lems i n  underground c o a l  mines. Areas 
where t h e  coalbed has  been removed o r  
t h inned  by s cou r ing  a r e  a n  impediment t o  
mining bo th  because of t h e  l o s s  of econo- 
mic coaibed t i i ickness  and because more 
roof  rock  must be removed t o  ma in t a in  
p rope r  e n t r y  he igh t .  
The presence  of channe l  sands tone  d i s -  
c o n t i n u i t i e s  i n  some c a s e s  adve r se ly  a f -  
f e c t s  c o a l  q u a l i t y .  I n  t h e  Har t shorne  
Coalbed i n  e a s t e r n  Oklahoma, a d e c r e a s e  
i n  t h e  f r e e - swe l l i ng  i ndex  (FSI )  w i t h  ap- 
p roach  t o  a d i s t r i bu t a ry - channe l  sand- 
s t o n e  has  been documented (14). The 
s u l f u r  con t en t  of a coalbed n e a r  a chan- 
n e l  may a l s o  i n c r e a s e  t o  w e l l  above t h e  
ave r age  l e v e l  f o r  t h e  coalbed (14,  19) .  - - 
I n f i l t r a t i o n  of ground wa t e r  and s u l f u r -  
b e a r i n g  s o l u t i o n s  from t h e  sands tone  h a s  
been sugges t ed  a s  a p o s s i b l e  means f o r  
t h e  d e t e r i o r a t i o n  of c o a l  q u a l i t y  ad j a -  
c e n t  t o  channe l  sands tone  d i s c o n t i n u i t i e s  
(19). The o p p o s i t e  i s  t r u e  i n  t h e  Illi- 
n o i s  b a s i n ,  where t h e  s u l f u r  con t en t  of 
t h e  c o a l  i s  lowest  immediately a d j a c e n t  
reasons  f o r  roof  c o n t r o l  problems a r e  ( 1 )  
s l i c k e n s i d e d  s u r f a c e s  between ad j acen t  
cross-bed s e t s ,  ( 2 )  s l i c k e n s i d e d  con- 
t a c t s  between sands tone  and s h a l e  a s  a 
r e s u l t  of d i f f e r e n t i a l  compaction, and 
( 3 )  prominent joints (9). Spalling of 
rock a long  s l i c k e n s i d e s  o r  j o i n t  p l anes  
can produce s p e c t a c u l a r  roof f a l l s ,  es-  
p e c i a l l y  i n  t h e  zone a d j a c e n t  t o  a chan- 
n e l  where t h e  s t r a t a  coa r s en  from s h a l e  
t o  sandstone.  Areas of roof i n s t a b i l -  
i t y  a s  a r e s u l t  of d i f f e r e n t i a l  c o w  
p a c t i o n  n e a r  a sands tone  channel  have 
been no ted  i n  mines i n  Cambria County, PA 
(20 ) ,  and wes t - c e n t r a l  I l l i n o i s  ( 19) .  I f  
tG channel-f ill sands tone  i s  m a s x v e  and 
does no t  b reak  e a s i l y ,  longwal l  chocks 
may be pinned benea th  a c a n t i l e v e r  beam 
produced by f l e x u r e  of t h e  sandstone.  
A r i s e  i n  t h e  f l o o r  e l e v a t i o n  of t h e  
coalbed i s  commonly known a s  a r o l l .  
Ro l l s  a r e  o f t e n  coupled w i t h  a r e a s  where 
t h e  c o a l  h a s  been scoured  o u t  by a chan- 
ne l .  Ro l l s  may occur  on e i t h e r  f l a n k  of 
a channel-phase s ands tone  and a r e  t h e  re- 
s u l t  of p e a t  accumulat ion over  n a t u r a l  
t o  t h e  channe ls  (23) .  This  anomaly i s  l e v e e s  a d j a c e n t  t o  t h e  channel  (19) o r  
a t t r i b u t e d  t o  t h h  unique d e p o s i t i o n a l  d i f f e r e n t i a l  compaction (14). ~ z a u s e  
s e t t i n g  of s t r a t a  i n  t h a t  basin .  The a s h  t hey  c r e a t e  i r r e g u l a r  roof and f l o o r  top- 
c o n t e n t  of a coalbed may a l s o  i n c r e a s e  i n  
t h e  p rox imi ty  of a channel-phase sand- 
s t o n e  a s  a r e s u l t  of i nc r ea sed  c l a s t i c  
d e p o s i t i o n  i n  t h e  p e a t  swamp d u r i n g  ep i -  
sodes  of f lood ing .  The r e s u l t a n t  over- 
bank d e p o s i t s  may become t h i c k  enough t o  
form p a r t i n g s  o r  s p l i t s  i n  t h e  coalbed. 
T h i s  has  been documented i n  I l l i n o i s ,  
where s p l i t t i n g  of t h e  He r r i n  No. 6 Coal- 
bed becomes more pronounced w i t h  approach 
t o  t h e  Anvi l  Rock Sandstone (25) .  
Severe  roof s t a b i l i t y  p r x l e m s  have 
- - 
been encountered a s  mining approaches  
channel-phase sandstones .  Seve ra l  f e a -  
t u r e s  t h a t  have been recognized a s  
ography through l o c a l l y  v a r i a b l e  d i p s  and 
may impound wa t e r ,  r o l l s  a r e  a h indrance  
t o  s a f e  and economical c o a l  product ion.  
A d d i t i o n a l l y ,  t hey  sometimes i n h i b i t  t h e  
movement of mining machinery. 
Like many o t h e r  s ands tones ,  channel- 
phase sands tones  may s e r v e  a s  a q u i f e r s  
and r e s e r v o i r  rocks .  There fore ,  wa te r  
and /or  ga s  may accumulate i n  a channel  
sands tone  and subsequent ly  be r e l e a s e d  
i n t o  a d j a c e n t  mine workings. Water com- 
monly accumulates  a long  t h e  i r r e g u l a r  
bottom of t h e  sands tone ,  where i t  is 
t rapped  by under ly ing  l a y e r s  of impervi- 
ous sha l e .  Severe  wate r  accumulat ion 
problems may occur where t h e  channel  
sandstone i s  i n t e r s e c t e d  by underground 
workings. I f  t h e  water  i s  s a l i n e ,  a s  i n  
wes t -cen t ra l  I l l i n o i s ,  mining equipment 
may be corroded (25). Roof b o l t i n g ,  
which is e s p e c i a l l y  necessary i n  t h e  un- 
s t a b l e  a r e a  ad j acen t  t o  t h e  c h a n n e l - f i l l  
sands tone ,  may aggrava te  water  problems 
because t h e  a q u i f e r  may be tapped, re- 
s u l t i n g  i n  i nc reased  seepage (19). 
Ground wa te r  from t h e  sands tone  may r e a c t  
w i t h  p y r i t e  i n  t h e  coalbed and a d j a c e n t  
s t r a t a  t o  produce a c i d  drainage.  Envi- 
ronmental l a w s  r e q u i r e  t h a t  t h i s  water  
meet minimum s t anda rds  of pH and minera l  
con ten t  before  being d ischarged  i n t o  sur -  
f ace  s t reams (i7 j. Tne handl ing and 
t r ea tmen t  of a c n  mine water  add t o  t h e  
o p e r a t i n g  c o s t s  of t h e  mine. 
S i m i l a r l y ,  methane-gas-emission prob- 
lems mul t ip ly  i n  t h e  proximity of 
channel-phase sandstones.  I n  e a s t e r n  
Oklahoma, where n a t u r a l  ga s  i s  produced 
from Hartshorne d i s t r i bu t a ry -channe l  
sands tones  t h a t  a r e  i n  d i r e c t  con tac t  
w i t h  t h e  Hartshorne Coalbed, i nves t i ga -  
t o r s  concluded t h a t  gas-emission problems 
could be a n t i c i p a t e d  i n  any mine workings 
t h a t  advance toward t h e s e  sandstones 
(g). I n  a mine i n  no r the rn  West Virgin- 
i a ,  abnormally high methane emissions 
ad j acen t  t o  a channel-phase sandstone 
were documented (2). The presence of 
channel  d i s c o n t i n u i t i e s  i n c r e a s e s  t h e  
l i k e l i h o o d  of a methane i g n i t i o n  no t  on ly  
because of i nc reased  emiss ions ,  but  a l s o  
because t h e  sudden t h i n n i n g  o r  absence of 
t h e  coalbed may cause mining machinery t o  
gene ra t e  sparks  a s  t h e  c u t t i n g  b i t s  
s t r i k e  t h e  roof rock. 
I n  some c a s e s ,  t h e  coalbed may th i cken  
s u b s t a n t i a l l y  immediately proximate t o  
t h e  channel. Some coalbeds have been 
known t o  double o r  t r i p l e  i n  t h i c k n e s s  
(2). This  t h i cken ing  may be t h e  conse- 
quence of (1 )  i nc reased  pea t  d e p o s i t i o n  
cont iguous t o  t h e  channel ,  s t imu la t ed  by 
j-ane more lcapid subsidence of 1 3 - ~rie aeriser 
sandstone ( r e l a t i v e  t o  t h e  d e n s i t y  of 
p e a t ) ;  ( 2 )  slumping of t h e  coalbed ove r  
i t s e l f ;  o r  (3)  an  i n c r e a s i n g  number of 
p a r t i n g s  a s  t h e  channel  i s  approached. 
However, any p o s s i b l e  economic advantage 
gained through th i cken ing  of t h e  coalbed 
i s  l o s t  i f  t h e  coalbed has  been eroded by 
channel a c t i v i t y .  Add i t i ona l ly ,  a l l  of 
t h e  prev ious ly  descr ibed  problems as- 
s o c i a t e d  wi th  channel-phase sands tones  
are l i k e l y  t o  be more prominent i n  t h e  
a r e a  immediately ad j acen t  t o  t h e  channel  
depos i t .  
PATTERNS OF COAL DISTRIBUTION 
To d e l i n e a t e  a r e a s  of d i scont inuous  
coa l ,  i sopach  maps of t h e  Upper F reepor t ,  
Lower F reepor t ,  and Lower K i t t ann ing  
Coalbeds were cons t ruc t ed  ( f i g s .  7-9). A 
contour  i n t e r v a l  of 6 i n  (15 cm) was used 
s o  t h a t  any s u b t l e  changes i n  coalbed 
th i cknes s  t h a t  might impend wi th  approach 
t o  a coalbed d i s c o n t i n u i t y  could be d i s -  
cerned. (The contour  maps cons t ruc t ed  
f o r  t h i s  s tudy were no t  computer- 
generated.  Even spac ing  of contour  l i n e s  
was used t o  a r b i t r a r i l y  e l imina t e  t h e  e f -  
f e c t s  of i r r e g u l a r i t i e s  i n  channel  
shape.) Areas of t h i n ,  s p l i t ,  o r  no c o a l  
were c l o s e l y  s c r u t i n i z e d  f o r  c lues  lead-  
i n g  t o  i n t e r p r e t a t i o n s  of t h e  genes i s  of 
t h e s e  d i s c o n t i n u i t i e s .  
UPPER FREEPORT COALBED 
The Ind i ana  quadrangle  and t h e  sou the rn  
ha l f  of t h e  E rnes t  quadrangle  a r e  under- 
l a i n  by t h i c k  accumulations of Upper 
Freepor t  c o a l  (60 t o  92 i n  [150 t o  230 
cm]). Two anomalously t h i c k  t r a c t s  of 
c o a l  a r e  p re sen t  i n  t h e  western Brush 
Val ley quadrangle and i n  t h e  western 
Avonmore quadrangle ( f i g .  7) .  Numerous 
smal l ,  pod-shaped want a r e a s  ( <  2 m i 2  
[ < 5 km2] i n  s i z e )  occur  throughout t h e  
s tudy  a rea .  Extensive a r e a s  of no c o a l  
a r e  found i n  t h e  Clymer and Brush Val ley  
quadrangles  ( f i g .  7 ) .  Although no s tudy  
has  s p e c i f i c a l l y  addressed t h e  absence 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































q u a d r a n g l e s ,  i n f e r e n c e s  i n  t h e  l i t e r a t u r e  r e l a t i v e l y  t h i n  and i s  on ly  l o c a l l y  
i n d i c a t e  nondepos i t ion  of t h e  c o a l  o v e r  g r e a t e r  t h a n  60 i n  (150 cm) t h i c k .  
growing s t r u c t u r a l  h i g h s ,  such a s  t h e  
C h e s t n u t  Ridge, Nolo, and L a u r e l  H i l l  LOWER KITTANNING COALBED 
a n t i c l i n e s  ( 1 8 ,  34) .  - - 
LOWER FREEPORT COALBED 
Lying a n  average  of 80 f t  (24 m) below 
t h e  Upper F r e e p o r t  Coalbed, t h e  Lower 
F r e e p o r t  Coalbed i s  t h e  most l a t e r a l l y  
d i s c o n t i n u o u s  of t h e  t h r e e  coa lbeds  ana- 
l y z e d  i n  t h i s  s tudy .  Want a r e a s  i n  t h e  
Lower F r e e p o r t  Coalbed t y p i c a l l y  p o s s e s s  
a  s h o e s t r i n g  geometry ( f i g .  8 ) .  Unl ike  
t h e  Upper F r e e p o r t  and Lower Ki t t an-  
----  f - - - l L  
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The Lower K i t t a n n i n g  Coalbed o c c u r s  a n  
average  of 200 f t  ( 6 0  m) below t h e  Upper 
F r e e p o r t  Coalbed. Of t h e  t h r e e  c o a l b e d s  
examined i n  t h i s  s t u d y ,  t h e  Lower K i t t a n -  
n i n g  i s  t h e  most l a t e r a l l y  p e r s i s t e n t ;  
fewer  d i s c o n t i n u i t i e s  have been i d e n t i -  
f i e d  i n  t h i s  coalbed t h a n  i n  t h e  over-  
l y i n g  Upper and Lower F r e e p o r t  Coalbeds. 
The t h i c k e s t  accumulat ions  of t h e  Lower 
K i t t a n n i n g  Coalbed ( >  72 i n  [ >  180 cm]) 
o c c u r  i n  t h e  I n d i a n a  and Brush V a l l e y  
quadrangles  ( f i g .  9 ) .  
SANDSTONE DISTRIBUTION 
Sandstone i s o l i t h  maps w i t h  a c o n t o u r  
i n t e r v a l  of 10 f t  ( 3  m) were drawn f o r  
t h r e e  i n t e r v a l s ,  one immediately supra-  
j a c e n t  t o  each  of t h e  t h r e e  economic 
c o a l b e d s  ( f i g s .  10-12). These i n t e r v a l s  
were  ( 1 )  t h e  Brush Creek marine  h o r i z o n  
t o  t h e  Upper F r e e p o r t  Coalbed, ( 2 )  t h e  
Upper F r e e p o r t  Coalbed t o  t h e  Lower Free- 
p o r t  Coalbed,  and ( 3 )  t h e  Lower F r e e p o r t  
Coalbed t o  t h e  Lower K i t t a n n i n g  Coalbed. 
These  d i v i s i o n s  were chosen because  t h e y  
a r e  e a s i l y  recognized  by t h e i r  d e l i m i t i n g  
marker  beds. These i n t e r v a l s  a r e  n o t  of 
e q u a l  t h i c k n e s s ,  nor  do t h e y  i n d i v i d u a l l y  
m a i n t a i n  uniform t h i c k n e s s e s  a c r o s s  t h e  
s t u d y  area. However, t h e  t h i c k n e s s  of 
e a c h  i n t e r v a l  t e n d s  t o  i n c r e a s e  where 
t h i c k  sands  t o n e  i s  p r e s e n t .  
A s  r e v e a l e d  by t h e  sands tone  i s o l i t h  
maps and numerous c r o s s  s e c t i o n s ,  sand- 
s t o n e  bod ies  i n  a l l  t h r e e  i n t e r v a l s  d i s -  
p l a y  a s h o e s t r i n g  geometry (1-2 m i  [2-4 
km] wide,  t e n s  of miles long) .  These 
u n i t s  were i n t e r p r e t e d  a s  channel-phase 
s a n d s t o n e s  t h a t  i n t e r f i n g e r  l a t e r a l l y  
w i t h  a l l u v i a l  p l a i n  and i n t e r d i s t r i b u t a r y  
bay d e p o s i t s .  S e v e r a l  major channe l s  
( >  40 f t  [ >  12 m] t h i c k )  and numerous m i -  
nor  a n c i l l a r y  channe l s  c o n s t i t u t e  t h e  
sands tone  s t ra ta  i n  e a c h  i n t e r v a l .  A few 
c r e v a s s e  s p l a y  d e p o s i t s ,  r ecognized  by 
t h e i r  c o a r s e n i n g  upward c h a r a c t e r  and 
l o b a t e  geometry,  were d e l i n e a t e d .  Exam- 
p l e s  c a n  be s e e n  i n  t h e  Brush Creek t o  
Upper F r e e p o r t  i n t e r v a l  i n  t h e  e a s t e r n  
McIntyre quadrang le  ( c e n t e r  of f i g u r e  10) 
and i n  t h e  Lower F r e e p o r t  t o  Lower K i t -  
t a n n i n g  i n t e r v a l  i n  t h e  c e n t r a l  E l d e r t o n  
and c e n t r a l  I n d i a n a  quadrang les  ( f i g u r e  
12, n o r t h - c e n t r a l  and e a s t - c e n t r a l  por- 
t i o n s ) .  Many of t h e  channe l  s a n d s t o n e s  
w i t h  numerous b i f u r c a t i o n s  c a n  be t r a c e d  
t h e  l e n g t h  of t h e  s t u d y  a r e a .  I n  many 
c a s e s ,  t h e s e  sands tone  channe l s  t r e n d  
nor th - sou th  t o  nor theas t - sou thwes t  and 
l i e  s u b p a r a l l e l  t o  l o c a l  s t r u c t u r e s .  
RELATIONSHIP BETWEEN COAL AND SANDSTONE THICKNESSES 
Through comparison of t h e  coa lbed  i s o -  
pach and cor responding  sands tone  i s o l i t h  
maps, a  r e l a t i o n s h i p  between c o a l  and 
s a n d s  t o n e  t h i c k n e s s e s  w a s  c l e a r l y  per-  
ce ived .  The coa lbed  i s o p a c h s  i n d i c a t e d  
41 want a r e a s  i n  t h e  s t u d y  a r e a .  Of 
t h e s e ,  24 ( 5 9  p c t )  a r e  l o c a t e d  s u b j a c e n t  
t o  t h i c k  ( >  20 f t  [ >  6  m]) sands tone  ac- 
cumula t ions .  G e n e r a l l y ,  t h e s e  want a r e a s  
d i s p l a y  e l o n g a t e  t o  l i n e a r  geomet r ies  and 
appear  t o  be r e l a t e d  t o  channel-phase 
s a n d s t o n e  systems. These d i s c o n t i n u i t i e s  
a r e  most p robab ly  t h e  r e s u l t  of ( 1 )  ero-  
s i o n a l  s c o u r i n g  by channe l s  t h a t  breached 
t h e i r  l e v e e s  and i s s u e d  a c r o s s  marsh- 
swamp environments d u r i n g  e p i s o d e s  of 
f l o o d i n g  o r  ( 2 )  s c o u r i n g  of b u r i e d  semi- 
c o n s o l i d a t e d  p e a t  d e p o s i t s  by younger 
channels. After eroding coeval and old- 
er, underlying deposits, the channels 
filled with sand or, occasionally, finer 
grained sediments. 
Numerous examples of the thick- 
sandstone, thin-subjacent-coalbed associ- 
ation were found throughout the study 
area. In the northeastern portion of the 
Whitesburg quadrangle, a 1-in (3-cm) 
thickness of Upper Freeport coal is over- 
lain by more than 90 ft (27 m) of sand- 
stone. (Compare figures 7 and 10.) Fig- 
ure 13 is a cross section showing this 
relationship. Apparently, the coalbed 
was incised by a large channel that was 
subsequently filled with sediment. With- 
in 5,000 ft (1,500 m) laterally from the 
sandstone-filled channel, the Upper Free- 
port Coalbed regains its normal thickness 
of approximately 3 ft (1 m) for this por- 
tion of the study area. Similar associa- 
tions of thick sandstone and thin Upper 
Freeport coal sequences occur in the 
western Avonmore, east-central McIntyre, 
south-central Ernest, and east-central 
Indiana quadrangles. 
The Lower Freeport Coalbed has been 
scoured out by channels in several loca- 
tions in the study area. Manifestations 
of this phenomenon are exhibited in the 
northern Indiana and central Brush Valley 
quadrangles, and along the border between 
the McIntyre and Avonmore quadrangles. 
(Compare figures 8 and 11.) 
The Lower Kittanning Coalbed, although 
the most persistent coalbed in the study 
area, is not immune to the erosive ef- 
fects of channels. Notable examples of 
channel scouring of the Lower Kittanning 
Coalbed are evident in the west-central 
Indiana, east-central Whitesburg, and 
central Brush Valley quadrangles. (Com- 
pare figures 9 and 12.) The cross sec- 
tion in figure 14 illustrates that ero- 
sion by a channel has removed a portion 
of the Lower Kittanning Coalbed in the 
central Brush Valley quadrangle. This 
cross section shows that the Lower Free- 
port Coalbed also has been removed by 
channel scouring in the same area. The 
sandstone isolith maps suggest vertical 
stacking of channel-phase sandstones at 
this location. (Compare figures 11 and 
12. ) 
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F IGURE 13. - Cross section depicting scouring of 
Upper Freeportcoalbed by a channel. (For location, 
see line A-A' in figure 3.) 
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F IGURE 14. - Cross section depicting scouring of 
Lower Freeport and Lower Kittanning Coalbeds by 
channels. (For location, see line B-B' in figure 3.) 
Ancient fluvio-deltaic channels cannot 
always be detected by delineating shoe- 
string sandstone deposits. In certain 
geologic settings, a fluvio-deltaic chan- 
nel may fill with clay rather than sand 
(1). Therefore, it is reasonable to as- 
sume that some coalbed discontinuities 
that do not lie in areas of thick sand- 
stone accumulations may be attributed to 
clay-filled, abandoned channels. Several 
channels  f i l l e d  w i t h  c l a y  and s h a l e  have i n d i s t i n g u i s h a b l e  from t h e  surrounding 
been recognized i n  mines working t h e  Low- a l l u v i a l  p l a i n  o r  i n t e r d i s t r i b u t a r y  bay 
er  Freepor t  Coalbed i n  t h e  no r the rn  d e p o s i t s  on geophysical  l ogs  and i n  core- 
Whitesburg and Elder ton  quadrangles  (Gary ho l e  desc r ip t i ons .  Consequently,  recog- 
D. B a l l ,  Rochester & Pi t t sbu rgh  Coal Co., n i t i o n  and p r e d i c t i o n  of t h e s e  channels  
pe r sona l  communication). Unfor tuna te ly ,  r e q u i r e  ex t ens ive  f i e l d  work, mine recon- 
such  c l a y - f i l l e d  channels  a r e  p r a c t i c a l l y  na issance ,  o r  thorough w e l l  con t ro l .  
EFFECTS OF CHANNELS ON PEAT DEPOSITS 
F luv io -de l t a i c  channels  e x e r t  a pro- 
found e f f e c t  on pea t  accumulations by t h e  
removal of peat ,  Although some pea t  may 
be  d i s p l a c e d  l a t e r a l l y  by d i f f e r e n t i a l  
compaction of a s and - f i l l ed  channel,  most 
absences of pea t  a r e  a r e s u l t  of c u r r e n t  
a c t i o n  w i t h i n  t h e  channel. However, pro- 
c e s s e s  a s s o c i a t e d  wi th  a c t i v e  channels 
and f e a t u r e s  - e l a t ed  t c  s ands tone - f i l l ed  
channel  bodies  a l s o  decidedly i n f l u e n c e  
a d j o i n i n g  pea t  depos i t s .  S p l i t s  i n  t h e  
coalbed,  t h inn ing  of t h e  coalbed over  
l e v e e  d e p o s i t s ,  and, i n  some cases ,  de- 
c r ea sed  c o a l  q u a l i t y  a r e  consequences of 
contemporaneous channel a c t i v i t y .  On t h e  
o t h e r  hand, topographic  h ighs  c r e a t e d  by 
i n e q u i t a b l e  compaction of sand-f i l l e d  
channels  r e l a t i v e  t o  ad jo in ing  muds in -  
h i b i t  t h e  accumulation of pea t  and r e s u l t  
i n  t h inn ing  o r  absence of coalbeds.  I n  
a d d i t i o n ,  some i n s t a n c e s  of d e t e r i o r a t i o n  
of c o a l  q u a l i t y  r e s u l t  when s u l f u r -  
The Lower Freepor t  Coalbed i s  s p l i t  in -  
t o  t h r e e  benches immediately ad j acen t  t o  
a channel d e p o s i t  i n  t h e  e a s t - c e n t r a l  
p o r t i o n  of t h e  Ernes t  quadrangle,  a s  
shown i n  t h e  c r o s s  s e c t i o n  i n  f i g u r e  16, 
The coalbed i s  s p l i t  only on one s i d e  of 
t h e  channel,  i n d i c a t i n g  t h a t  c r evas se  
s p l a y s  produced t h e  pa r t i ngs ,  Other 
corehole  d a t a  showed t h a t  t h e  Upper Free- 
p o r t  Coalbed i s  a l s o  s p l i t ,  i n  t h e  south-  
wes te rn  McIntyre and no r th -cen t r a l  
Whitesburg quadrangles  and t h a t  t h e  Lower 
K i t  t ann ing  Coalbed forms two benches i n  
t h e  c e n t r a l  Brush Val ley quadrangle  
(16) 
THINNING OF COALBEDS OVER TOPOGRAPHIC 
HIGHS 
Topographic h ighs  produced by t h e  form- 
a t i o n  of n a t u r a l  l evees  ad j acen t  t o  
bea r ing  s o l u t i o n s  p e r c o l a t e  through per- 
meable s ands tone - f i l l ed  channels.  
SPLITS 
S p l i t s  i n  a coalbed are genera ted  when 
d e t r i t a l  m a t e r i a l  i s  introduced i n t o  a 
p e a t  swamp by overbank f l ood ing  o r  by 
c r e v a s s e  s p l a y s  ( f i g .  15). Coalbed p a r t -  
i n g s  generated by c r evas se  s p l a y s  tend  t o  
be  a r e a l l y  r e s t r i c t e d ,  coarsen ing  upward 
sequences t h a t  occur  on one s i d e  of t h e  
channel  ( f i g .  15). Crevasse s p l a y s  a r e  
g e n e r a l l y  s i n g u l a r  events ;  t h e r e f o r e ,  
t hey  produce one f a i r l y  t h i c k  s p l i t  i n  a 
coalbed. Overbank f looding  c r e a t e s  t h in -  
n e r ,  f i n e r  g ra ined ,  l a t e r a l l y  p e r s i s t e n t  
coalbed par t ings .  Because f l ood ing  
even t s  occur  repea ted ly  and a f f e c t  wide- 
sp read  a r e a s ,  numerous coalbed p a r t i n g s  
r e s u l t i n g  from overbank f looding  may be 
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F IGURE 15. - Two ways splitting is induced in a 
coalbed. A, Overbank flooding; 8, crevasse splay. 
channels  i n h i b i t  t h e  accumulation of 
peat .  These h igh  a r e a s  tend  t o  be d r i e r  
and more ox id i z ing  than  lower a r e a s ,  
thereby  prec luding  p r e s e r v a t i o n  of peat .  
The change i n  e l e v a t i o n  of t h e  coalbed a s  
i t  r i d e s  up over  t h e  l evee  d e p o s i t s  i s  
commonly r e f e r r e d  t o  a s  a r o l l .  The Low- 
er  Ki t t ann ing  Coalbed t h i n s  ad j acen t  t o  a 
channel  i n  t h e  southern  Brush Val ley 
quadrangle ,  a s  e x h i b i t e d  i n  t h e  c r o s s  
l 
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F I G U R E  16. - Cross section of splits in Lower 
Freeport Coalbed. (For location, see l ine C-C' 
in figure 3.) 
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FIGURE 17. - Cross section illustrating thinning 
of Lower Kittanning Coalbed over a natural levee. 
(For location, see l ine D-D' in  figure 3.) 
s e c t i o n  i n  f i g u r e  17. The coalbed t h i n s  
t o  4 i n  (10 cm) over  accumulations of 
sandy s h a l e  ( n a t u r a l  l evee )  t h a t  were de- 
pos i t ed  ad j acen t  t o  t h e  channel dur ing  
overbank f l ood ing  events .  Other examples 
of coalbed th inn ing  over  topographica l ly  
high l evee  d e p o s i t s  a r e  found i n  t h e  Low- 
e r  Freepor t  Coalbed i n  t h e  southwestern 
McIntyre and e a s t e r n  Elder ton  quadran- 
g l e s .  (Compare f i g u r e s  8 and 11. ) 
Channel-sandstone bodies  exper ience  in- 
s i g n i f i c a n t  compaction a f t e r  depos i t i on  
and t h e r e f o r e  form topographic  h ighs  a s  
ad jo in ing  muds dewater and compact. Peat 
swamps developed a f t e r  sand depos i t i on  
and mud compaction a r e  unable  t o  success-  
f u l l y  i n h a b i t  t h e s e  h i g h  a r e a s ,  and t h e  
r e s u l t  i s  absence o r  t h inn ing  of  coal- 
beds. Although no examples of t h i s  phe- 
nomenon have been recognized i n  t h e  s tudy 
a r e a ,  o t h e r s  have documented th inn ing  
of t h e  Upper Hartshorne Coalbed ove r  Up- 
pe r  Hartshorne d i s t r i bu t a ry -channe l  sand- 
s t o n e s  i n  Oklahoma (14). - 
ABNORMALLY THICK PEAT ACCUMULATIONS 
D i f f e r e n t i a l  compaction of a channel  
f i l l i n g  w i th  sand r e l a t i v e  t o  cont iguous 
d e p o s i t s  may gene ra t e  abnormally t h i c k  
pea t  accumulations.  A s  t h e  sand accumu- 
l a t e s ,  sediments under t h e  channel  body 
compact d i f f e r e n t i a l l y .  This  i s  r e f l e c t -  
ed  a t  t h e  s u r f a c e  a s  d i f f e r e n t i a l  subsid- 
ence. ~ e p o s i t i o n  i n  contemporaneous pea t  
swamps immediately ad j acen t  t o  t h e  chan- 
n e l  keeps pace wi th  t h i s  "subsidence,"  
t hus  producing t h i c k  a c c r e t i o n s  of peat .  
Pods of unusua l ly  t h i c k  c o a l  may a l s o  be 
t h e  consequence of f l o o d i n g  e v e n t s  t h a t  
p i l e d  up pea t  a long  t h e  banks of t h e  
channel  (27) o r  sedimentary slumping. 
Two trGts of anomalously t h i c k  Upper 
Freepor t  c o a l  a r e  p re sen t  i n  t h e  wes te rn  
Avonmore and wes te rn  Brush Val ley quad- 
r ang le s  ( f i g .  7).  Both of t h e s e  th ick-  
c o a l  a r e a s  a d j o i n  channel-phase sand- 
s tones .  Figure 18 d e p i c t s  t h e  i nc reased  
th i cknes s  of t h e  coalbed i n  t h e  Brush 
Val ley quadrangle. The advantages of 
mining t h e s e  t h i c k  c o a l  d e p o s i t s  a r e  
qu ick ly  o f f s e t  by t h e  prev ious ly  men- 
t i oned  economic and s a f e t y  problems a t -  
t endant  t o  channel  d i s c o n t i n u i t i e s .  This 
c a s e  proves t o  be no except ion ,  a s  w i t h i n  
1,000 f t  (305 m) i n  l a t e r a l  d i s t a n c e  t o  
t h e  w e s t  of t h i s  t h i c k  accumulation, t h e  
c o a l  has  been almost  e n t i r e l y  removed by 
c u r r e n t  a c t i o n  w i t h i n  t h e  channel. 
COAL QUALITY 
I n  some cases, t h e  q u a l i t y  of c o a l  i s  
adve r se ly  a f f e c t e d  by t h e  presence of 
channels.  Overbank f l ood ing  i n  an a c t i v e  
channel  may i n c r e a s e  t h e  minera l  con ten t  
of t h e  coalbed by in t roduc ing  c l a s t i c  ma- 
t e r i a l  i n t o  t h e  pea t  swamp. An i n a c t i v e ,  
s a n d - f i l l e d  channel  may s e r v e  a s  a  con- 
d u i t  f o r  t h e  i n f i l t r a t i o n  of su l fu r -  
en r i ched  s o l u t i o n s ,  thereby i n c r e a s i n g  
t h e  s u l f u r  conten t  of t h e  coalbed. 
D e t e r i o r a t i o n  of c o a l  q u a l i t y  wi th  ap- 
proach t o  a  s and - f i l l ed  channel  does no t  
occur  i n  every case.  However, a  few ex- 
amples of t h i s  nega t ive  i n f luence  of 
channels  were found i n  t h e  s tudy area.  
(The l ack  of ex t ens ive  coa l -qua l i ty  d a t a  
precluded t h e  c o n s t r u c t i o n  of i so - su l fu r  
maps of t h e  e n t i r e  s tudy area. Limited 
d a t a  permi t ted  on ly  l o c a l  eva lua t ions . )  
I n  t h e  c e n t r a l  Brush Val ley quadrangle,  
a  s ands tone - f i l l ed  channel  immediately 
o v e r l i e s  t h e  Lower Ki t tanning  Coalbed. 
I n  i t s  a c t i v e  phase, t h i s  channel  scoured 
o u t  p o r t i o n s  of t h e  p e a t  p r ecu r so r  of t h e  
coalbed. Where t h e  Lower Ki t tanning  
Coalbed i s  o v e r l a i n  by t h e  channel sand- 
s t o n e ,  t h e  s u l f u r  con ten t  of t h e  coalbed 
g e n e r a l l y  v a r i e s  from 3 t o  g r e a t e r  t han  6 
p c t  ( f i g .  19). Where t h e  sandstone chan- 
n e l  i s  absent ,  t h e  s u l f u r  con ten t  of t h e  
coalbed averages 2.50 p c t  o r  less. The 
i s o - s u l f u r  contour  l i n e s  l i e  s u b p a r a l l e l  
t o  t h e  t r e n d '  of  t h e  channel-phase sand- 
s t o n e ,  implying t h a t  t h e r e  is  some i n f l u -  
ence  by t h e  channel. 
Ash conten t  of t h e  coalbeds does no t  
d i s p l a y  t h e  s t r o n g  correspondence t o  
channel  d e p o s i t s  a s  does s u l f u r  content .  
FIGURE 18. - Cross section showing anomalous th ick-  
ness of Upper Freeport Coalbed adiacent to  a channel 
deposit. (For location, see l ine E-E' i n  figure 3.) 
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FIGURE 19. - Map of increased sulfur content 
in Lower Kittanning Coalbed wi th approach to  a 
sandstone-fi l led channel. 
In  some coreholes  ad j acen t  t o  channels ,  a 
h ighe r  coalbed a s h  con ten t  w a s  i nd i ca t ed .  
However, no d i s t i n c t  c o r r e l a t i o n  could  be 
discerned. 
EFFECTS OF STRUCTURAL CONTROLS ON CHANNELS 
As mentioned prev ious ly ,  s t r u c t u r a l  over  t h e  Chestnut Ridge and Nolo a n t i -  
f o l d s  growing contemporaneously w i th  p e a t  c l i n e s .  Sub t l e  e f f e c t s  of s t r u c t u r a l  
d e p o s i t i o n  may have produced ex t ens ive  c o n t r o l s  a r e  a l s o  expressed  by channel- 
want a r e a s  i n  t h e  Upper Freeport  Coalbed phase sandstones.  Seve ra l  a r e a s  of  
s tacked  sandstone zones t h a t  tend  t o  co- 
i n c i d e  wi th  s t r u c t u r a l l y  low a r e a s  have 
been recognized i n  Conemaugh Group s t r a t a  
(18). I n  t h i s  s tudy ,  comparison of t h e  
t h r e e  sandstone i s o l i t h  maps and t h e  
s t r u c t u r a l  contour  map of t h e  s tudy a r e a  
revea led  some r e l a t i o n s h i p s  between t h e  
p o s i t i o n s  of many of t h e  sands tone- f i l led  
channels and s t r u c t u r a l  (paleotopograph- 
i c )  lows. 
Comparison of t h e  sandstone i s o l i t h  
maps ( f i g s .  10-12) r evea l s  t h a t  some 
sandstone channels a r e  v e r t i c a l l y  juxta- 
posed i n  success ive  horizons. Severa l  
a r e a s  of sandstone s t ack ing  co inc ide  wi th  
PREDICTION OF COALBED DISCONTI 
The s e r i o u s  hazards t h a t  accompany 
coalbed d i s c o n t i n u i t i e s  may severe ly  
hamper mine development. A l l  mine per- 
sonne l  involved i n  planning and develop- 
ment should be aware of t h e  ex i s t ence  of 
coalbed d i s c o n t i n u i t i e s  and t h e  problems 
they c r e a t e  i n  underground c o a l  mines. 
The r e s u l t s  of t h i s  s tudy showed t h a t  
i n  t h e  p o r t i o n  of t h e  nor thern  Appalach- 
i a n  b a s i n  i n  which t h e  d a t a  were c o l l e c t -  
ed ,  coalbed d i s c o n t i n u i t i e s  a r e  most com- 
monly t h e  r e s u l t  of scour ing  by anc ien t  
f l u v i o - d e l t a i c  channels.  I n  many c a s e s ,  
t h e s e  channels a r e  not  randomly o r i en t ed ,  
but  tend t o  l i e  s u b p a r a l l e l  t o  l o c a l  
f l e x u r e s ;  i n  some cases ,  they a r e  prefer -  
e n t i a l l y  l oca t ed  along s y n c l i n a l  axes. 
With t h e s e  po in t s  i n  mind, s e v e r a l  s t e p s  
should be taken when a prospec t ive  mine 
proper ty  is  eva lua ted  wi th  r e spec t  t o  
coalbed d i s c o n t i n u i t i e s .  These s t e p s  a r e  
a s  fol lows:  
1. Build a d a t a  base f o r  t h e  a rea .  
By inc lud ing  information from gas-well 
geophys ica l  l o g s ,  t h e  d a t a  base w i l l  be 
g r e a t l y  enhanced a t  a f r a c t i o n  of t h e  
c o s t  of d r i l l i n g  explora tory  coreholes .  
2. Construct a s t r u c t u r e  map of t h e  
a r e a ,  paying p a r t i c u l a r  a t t e n t i o n  t o  t h e  
t r a c e s  of a n t i c l i n a l  and s y n c l i n a l  axes.  
3. Del inea te  anc i en t  channels through 
t h e  cons t ruc t ion  of sandstone iso-  
l i t h  maps. ( I n  western Pennsylvania,  
t h e  channels  may tend t o  be v e r t i c a l l y  
s t acked  and o f t e n  w i l l  co inc ide  wi th  
s t r u c t u r a l l y  low areas . )  
and l i e  s u b p a r a l l e l  t o  t h e  sync l ines  
( s t r u c t u r a l  and topographic lows) i n  t h e  
a rea .  In  some c a s e s ,  sandstone channels  
i n  a l l  t h r e e  i n t e r v a l s  a r e  v e r t i c a l l y  
s tacked  i n  t h e  sync l ines  (a long  t h e  a x i s  
of t h e  Elders  Ridge sync l ine ,  on t h e  
western f l a n k  of t h e  Brush Valley syn- 
c l i n e ,  and a long  t h e  no r the rn  p o r t i o n  of 
t h e  a x i s  of t h e  Latrobe s y n c l i n e ) .  The 
supe rpos i t i on  of s ands tone - f i l l ed  chan- 
n e l s  and t h e i r  correspondence t o  l o c a l  
s t r u c t u r a l  t rends  imply t h a t  f o l d s  were 
growing dur ing  t h e  time of sed imenta t ion  
and t h a t  they exe r t ed  some c o n t r o l  on t h e  
l o c a t i o n  of channel courses .  
.NUITIES I N  ADVANCE OF M I N I N G  
4. Af t e r  t h e  channel d e p o s i t s  have 
been de l inea t ed ,  mine development should 
be planned f o r  a r e a s  where channels a r e  
absent .  I f  i t  i s  impossible  t o  avoid 
zones where t h e r e  i s  a high p r o b a b i l i t y  
of encounter ing channels ,  mine l ayou t s  
should be designed t o  i n t e r s e c t  t h e  chan- 
n e l  t r e n d  a t  an angle  which most a l l e v i -  
a t e s  t h e  hazardous condi t ions  t h a t  may 
be induced by t h e  presence of t h e  chan- 
nel .  I n  t h i s  p o r t i o n  of t h e  Appalachian 
bas in ,  channels tend t o  fol low s t r i k e .  
Therefore,  by o r i e n t i n g  headings a t  a 
s u i t a b l e  angle  w i th  r e spec t  t o  s t r i k e ,  
t h e  number of mine e n t r i e s  hampered by 
t h e  adverse  condi t ions  c r e a t e d  by f luv io-  
d e l t a i c  channel d i s c o n t i n u i t i e s  could be 
l imi ted .  
Using t h e  c r i t e r i a  developed i n  t h i s  
s tudy f o r  t h e  r ecogn i t i on  of coalbed d i s -  
c o n t i n u i t i e s ,  a r e a s  l i k e l y  t o  be a f f e c t e d  
by t h e  problems a s soc i a t ed  wi th  discon- 
t i n u i t i e s  can be p red ic t ed  we l l  i n  ad- 
vance of mine development. Channel de- 
p o s i t s  can be t r a c e d  f o r  s e v e r a l  mi l e s ,  
and, because of t h e i r  v e r t i c a l l y  s tacked  
arrangement i n  t h i s  p o r t i o n  of t h e  Appa- 
l a c h i a n  bas in ,  problem a r e a s  can a l s o  be 
p red ic t ed  deeper i n  t h e  sec t ion .  By an- 
t i c i p a t i n g  t h e  occurrence of coalbed d i s -  
c o n t i n u i t i e s ,  and planning mine develop- 
ment accord ingly ,  t h e  s a f e t y  and economic 
hazards d i s c o n t i n u i t i e s  c r e a t e  i n  under- 
ground c o a l  mines may be minimized o r  
avoided. 
SUMMARY AND CONCLUSIONS 
Sands tone- f i l l ed  channels  a r e  t h e  pre- 
dominant coalbed d i s c o n t i n u i t y  i n  t h e  
s t u d i e d  p o r t i o n  of Ind iana  and Armstrong 
Counties .  Of t h e  41 want a r e a s  i n  t h e  
s tudy  a r e a ,  24 (59 p c t )  l i e  sub j acen t  t o  
t h i c k  sandstone accumulations.  However, 
i f  a r e a s  of s p l i t  c o a l  ad j acen t  t o  chan- 
n e l s  and a r e a s  of t h i n  c o a l  over  n a t u r a l  
l e v e e  d e p o s i t s  a r e  a l s o  included,  t hen  
approximately 80 p c t  of a l l  i n t e r r u p t i o n s  
i n  t h e  economic coalbeds i n  t h i s  a r e a  re-  
s u l t  from channel  a c t i v i t y .  
Se r ious  s a f e t y  hazards  and economic 
r i s k s  a r e  c r e a t e d  i n  underground c o a l  
mines by sands tone - f i l l ed  channels.  An 
obvious economic disadvantage r e s u l t s  
when t h e  coalbed has  been removed by 
channel  scouring.  Other economic disad- 
vantages  engendered by channels  a r e  
s p l i t t i n g  of t h e  coalbed and d e t e r i o r a -  
t i o n  of c o a l  q u a l i t y  i n  t h e  proximity of 
t h e  channel. S i g n i f i c a n t  s a f e t y  hazards  
c o r r e l a t e d  w i t h  channel-sandstone discon- 
t i n u i t i e s  i nc lude  roof-rock i n s t a b i l i t y ,  
wa te r  accumulation problems, and dangers  
a s s o c i a t e d  w i t h  methane emissions.  
The use  of inexpensive gas-well 
geophys i ca l  logs  can assist i n  t h e  
d e l i n e a t i o n  of s ands tone - f i l l ed  channels .  
Prospec t ive  mine p r o p e r t i e s  may be eva l -  
ua ted  w i th  r e s p e c t  t o  coalbed discon- 
t i n u i t i e s  without  t h e  d r i l l i n g  of nu- 
merous c o s t l y  exp lo ra to ry  boreholes .  
Because f l u v i o - d e l t a i c  channels i n  t h e  
no r the rn  Appalachian b a s i n  possess  shoe- 
s t r i n g  geometr ies ,  t h e i r  t r e n d s  and oc- 
cur rence  may be p red i c t ed  w e l l  i n  advance 
of mine development w i th  an  adequate  d a t a  
base. Recognition of t h e  va r ious  fea- 
t u r e s  a s s o c i a t e d  w i th  channels--coalbed 
th inn ing  over  l evee  d e p o s i t s ,  s p l i t t i n g  
of t h e  coalbed, diminished c o a l  q u a l i t y ,  
and r o l l s  i n  t h e  coalbed--will a i d  i n  
t h e  p r e d i c t i o n  of coalbed d i s c o n t i n u i t i e s  
caused by channel  scour ing  before  t h e  
a c t u a l  want a r e a s  a r e  encountered. Once 
t h e  l o c a t i o n  of a channel d e p o s i t  i s  as- 
c e r t a i n e d ,  t h e  d i r e c t i o n  of mine headings 
can be planned t o  avoid  t h e  unfavorab le  
mining cond i t i ons  t h a t  accompany channel  
d i s c o n t i n u i t i e s .  
I f  s u f f i c i e n t  d a t a  a r e  a v a i l a b l e ,  t h e  
methods desc r ibed  i n  t h i s  r e p o r t  can be 
app l i ed  t o  o t h e r  coal-bear ing a r e a s  and 
bas in s  t o  p r e d i c t  t h e  occurrence of chan- 
n e l  d i s c o n t i n u i t i e s .  
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